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Carcinogenesis is considered as a multistep process involving functional changes in the hemidesmosomal or-
ganization. In normal skin keratinocytes, expression of the a6b4 integrin is restricted to the proliferative basal layer
and mediates stable adhesion to the underlying basement membrane. Observations in carcinoma cells show a
functional and spatial dissociation of the a6b4 integrin from the hemidesmosomal complex, which stimulates cell
migration and, therefore, may contribute to carcinoma invasion. We now have evaluated the adhesion behavior of
epithelial cells at different stages of transformation in response to activation of the b4 integrin. It is demonstrated
that ligation of the b4 integrin augmented adhesion of carcinoma and pre-carcinoma cells to non-modiﬁed plastic.
In contrast, adhesion behavior of normal human keratinocytes was not inﬂuenced by ligation of the b4 integrin. In
order to explain the mechanism of b4-mediated adhesion, the hypothesis of an ‘‘inside-out’’ activation of integrins
was tested. Evidence is given that for cells expressing the a6b4 integrin, ligation of the b4 integrin increased b1
integrin-mediated adhesion. Furthermore, ligation of the b4 integrin led to phosphorylation of PKB/Akt at both
phosphorylation sites. Functional blocking of PKB/Akt by dominant-negative overexpression decreased cell ad-
hesion in response to b4 integrin ligation. Taken together, the present data establish a link between the ligation of
the b4 integrin and b1 integrin-mediated cell adhesion in carcinoma and pre-carcinoma cells. Hence, these ﬁndings
provide further insight into the conversion processes during carcinogenesis and show the b4 integrin to be a key
regulator of cellular adhesion.
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Cellular adhesion is a tightly regulated process, which is
mediated by the interaction between extracellular matrix
and cellular adhesion molecules. Dynamic changes in ad-
hesion are prerequisites for cell migration and have, there-
fore, implications for organ hemostasis, tissue repair,
inflammation, and cell invasion. Prominently, surface recep-
tors of the integrin family are considered to play an impor-
tant role in cell–matrix as well as cell–cell attachment,
whereas their intracellular portion connects to various
signaling cascades (review: LaFlamme and Auer, 1996). A
characteristic feature of integrins is that they form het-
erodimers composed of a and b subunits, which convey
substrate recognition. The adhesive properties of integrins
towards their referring ligand can be modulated by intra-
cellular events, a process which is termed ‘‘inside-out’’
signaling (review: Hughes and Pfaff, 1998; Sethi et al, 1999).
In particular, mediators of the MAP kinase pathway were
shown to suppress integrin binding. Interestingly, integrin
activation seems to be modulated by an integrin-dependent
pathway, which suggests a local negative feedback loop
(Hughes et al, 1997). The molecular level of integrin affinity
modulation is still under debate; both phosphorylation-
independent and -dependent mechanisms have been ob-
served (Hannigan et al, 1996; Hughes et al, 1997). The small
GTP-binding protein H-Ras and its downstream effector
kinase Raf-1 seem to act as suppressors of integrin acti-
vation in a phosphorylation-independent manner (Hughes
et al, 1997). Others, like the integrin-linked kinase (ILK) are
discussed as phosphorylation-dependent modulators of in-
tegrin activation (Hannigan et al, 1996). The phosphorylation
of a cytoplasmic target of the b1 subunit causes disruption
of the integrin–extracellular matrix interactions. This event
triggers a pro-apoptotic signal termed anoikis, which is
suppressed by ILK overexpression. Therefore, ILK–depend-
ent adhesion is highly relevant for anoikis-resistant cancer
progression (Attwell et al, 2000). Another phosphorylation-
dependent regulatory mechanism of integrin-mediated ad-
hesion is given by PKC-dependent activation of 14–3–3
proteins (Fagerholm et al, 2002). Furthermore, it is suggest-
ed that different classes of integrins regulate the affinity
state among them (Nair and Zingde, 2001). The observation
that ligation of the b4 integrin is able to facilitate adhesion of
epithelial and endothelial cells to non-modified plastic fits
this picture (Tang et al, 1999; Miao et al, 1997).
In basal keratinocytes of human skin, the b4 subunit as-
sembles with the a6 subunit to form the hemidesmosomal
complex. Null mutation of the b4 integrin results in epidermalAbbreviation: NHK, normal human keratinocytes
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blistering indicating that hemidesmosomes are a prerequi-
site for a tight anchorage of the epidermal sheet to extra-
cellular matrix components connecting to the dermis
(Dowling et al, 1996; Niessen et al, 1996). Intracellularly,
the a6b4 integrin connects to elements of the cytoskeleton.
Best established is the connection between the a6b4 inte-
grin and the keratin filament via the plaque proteins plectin
(HD1) and BPAG1e (BP230) (Wiche et al, 1993; Yang et al,
1996). Additionally, a connection to the actin filament via
BP180/actinin and the microtuble network is possible
(Svitkina et al, 1996; Yang et al, 1996; Rabinovitz et al,
1999; Gonzalez et al, 2001). Dynamic changes in the pref-
erential binding to the different cytoskeletal proteins seem
to correlate with aspects of the a6b4 function (Rabinovitz et
al, 1999). Besides architectural properties, the a6b4 integrin
has also strong implications for the migratory and invasive
behavior of carcinoma cells (Shaw et al, 1997; Rabinovitz et
al, 1999; review: Mercurio and Rabinovitz, 2001a). In con-
trast to the assumption that adhesion molecules have to be
downregulated to enable an invasive phenotype, it was
found that in various carcinomas the a6b4 integrin is over-
expressed and correlated well with tumor progression (Ten-
nenbaum et al, 1993; Tani et al, 1996; Grossman et al, 2000).
The tumor promoting action of the a6b4 integrin is at least
partly put down to activation of the anti-apoptotic kinase
PKB/Akt in a PI3K-dependent fashion (Shaw et al, 1997;
Tang et al, 1999; Trusolino et al, 2001). Furthermore, the
a6b4 integrin can mobilize from hemidesmosomes and pref-
erentially localize within F-actin-rich cell protrusions. This
redistribution is functionally linked to increased formation of
lamellipodia and membrane ruffles in response to chemo-
tactic stimulation and therefore, associated in the migration
process of carcinoma cells (Rabinovitz et al, 1999).
In this study, we wanted to clarify the role of b4 ligation in
cell adhesion of human keratinocytes. Using cells at differ-
ent stages of transformation, cell adhesion in response to
ligation of the b4 integrin was investigated. Non-modified
plastic vessels that hamper cell adhesion, were taken as a
model to study the role of b4 ligation on cell adhesion to a
suboptimal substrat. We demonstrate that ligation of the b4
subunit increased cell adhesion towards non-modified plas-
tic in HaCaT and A-431 cells but not in normal human ker-
atinocytes (NHK). The signaling cascade downstream from
b4 integrin involves PKB/Akt and the fibronectin receptor.
Dominant-negative expression of the b1 subunit or treat-
ment with function blocking antibodies towards the b1
integrin yields a significant decrease in b4-mediated adhe-
sion. Taken together, our results suggest ligation of b4 as a
trigger factor of adhesion in immortalized or transformed
cell lines with implications for the understanding of skin
carcinogenesis.
Results
b4 ligation supports adhesion in HaCaT and A-431 cells,
but not in NHK There is a large body of evidence which
suggests a contribution of the a6b4 integrin in cell morphol-
ogy, adhesion and migration. In this study, the adhesion
behavior of different cells to non-modified plastic was test-
ed in response to b4 integrin ligation. Adhesion was esti-
mated both qualitatively, by light microscopic images, and,
quantitatively, by determination of DNA fluorescence of at-
tached cells after incubation with bisbenzimide. Further-
more, the underlying signaling cascades were investigated.
As a first result, it was found that ligation of the b4 integrin
does not alter the adhesiveness of NHK derived from skin
samples towards non-modified plastic compared to cells
treated with a mouse IgG (Fig 1A, A0). Only very few ker-
atinocytes showed a spread morphology. Mostly they were
distributed singularly over the culture dish and also some-
times piled up in domes. There was no quantitative change
in adhesion between keratinocytes treated with b4 antibody
and those with mouse IgG. In contrast, HaCaT cells showed
both a qualitative and quantitative response towards treat-
ment with b4 antibody (Fig 1B, B0). In the presence of b4
antibody, HaCaT cells showed a full spread morphology as
in cultivation on regular plates. Additionally, the cell count of
adherent cells was doubled by b4 antibody (Fig 1B0). Like-
wise, A-431 cells derived from mucous skin carcinoma
showed changes in morphology and adhesiveness in the
presence of b4 antibody. In A-431 cells a more spread mor-
phology was observed and also the number of attached
cells was significantly increased in b4-treated cultures
(Fig 1C, C0).
The effect of b4 integrin antibody was further character-
ized by time course experiments. Already after 2 h a sig-
nificant portion of adherent HaCaT cells with spread
morphology was observed after b4 ligation (Fig 2). This ef-
fect was fully elaborated after 5 h. A contribution of newly
synthesized material to increased cell adhesion seems to be
unlikely because of the rapid nature of b4-mediated adhe-
sion. In a confirmatory experiment, inhibition of protein syn-
thesis by cycloheximide (7.5 mg per mL) was not able to
reduce b4-induced adhesion (data not shown). Furthermore,
it could be speculated that b4 integrin antibody binds to the
support and then in turn gives rise to increased cell adhe-
sion. This does not seem to be the case as pre-treatment of
the dishes with b4 integrin antibody (371C, 1 h) and con-
secutive washing with PBS did not induce increased adhe-
sion (data not shown).
The specificity of b4 ligation on cell adhesion was cor-
roborated by experiments using antibodies directed to-
wards other non-related surface receptors (Fig 3). In A-431
cells the presence of antibodies directed against EGF-R
and E-cadherin offered no significant increase in cell adhe-
sion compared to mouse IgG. Only the b4 antibody showed
a significant increase in cell adhesion indicating that ligation
of the b4 integrin is able to modulate cell adhesion.
Detection of a6A and b4 integrins In order to specify the
effect of b4 ligation, the expression status of hemi-
desmosomal constituents was determined in different cell
types (Fig 4). Western blot analysis, using an antibody di-
rected against the b4 ectodomain, showed strong signals at
approximately 200 kDa in A-431, HaCaT, and NHK (Fig 4A).
Very faint signals were observed in protein extracts from
fibroblasts which suggest a very low expression of b4 in-
tegrins in this cell type (Scardigli et al, 1996). The expression
of a6 integrin was tested by using an antibody directed
against the a6A isoform that was shown to react with ep-
idermal keratinocytes (Hogervorst et al, 1993). In our model,
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a6A integrins are expressed by A-431 cells, HaCaT cells,
and NHK (Fig 4B). No reactivity was found in protein lysates
derived from human skin fibroblasts.
b4 ligation facilitates binding to ﬁbronectin via b1 inte-
grins In a next step, the signaling pathway involved in the
process of b4-mediated adhesion in epidermal cells was
further investigated. By coating the culture dishes with fibr-
onectin, which is preferably recognized by the b1 subunit in
combination with a5 or av, cell adhesion by fibronectin
receptors in response to b4 ligation was tested. A-431 cells
seeded in the presence of mouse IgG showed only very
sporadic adhesion suggesting a low-affinity state of the
fibronectin receptor (Fig 5A, E). In contrast, the ligation of
the b4 integrin induced spreading of the cells and quanti-
tative increase of cell adhesion (Fig 5C–E). To provide fur-
ther evidence for a cross-talk between b4 and b1 integrins,
adhesion behavior of A-431 cells onto non-modified plastic
was investigated by interfering with the b1 function (Fig 6A,
Figure 1
Effect of b4 integrin ligation on cell
adhesion of different epithelial cells
seeded onto non-modified plastic
dishes. (A) Cell morphology and DNA
staining (bisbenzimide, 2 mg per mL) of
adherent NHK in the presence of b4 in-
tegrin antibody or mouse IgG (5 mg per
mL each), respectively. (Small picture
shows NHK cultured under regular con-
ditions.) (A0) Quantitative analysis of ad-
herent cells is represented by relative
bisbenzimide fluorescence. Each bar
represents the mean of four parallel ex-
periments; the standard deviations are
indicated. (B, B0) Cell morphology and
DNA staining of HaCaT cells. The exper-
imental setup was similar to (A, A0). Cell
morphology and DNA staining of A-431
cells. The experimental setup was sim-
ilar to (A, A0).
Figure2
Time course of adhesion to non-modified plastic dishes. Suspend-
ed HaCaT cells were plated in the presence of mouse IgG (A, B) or b4
integrin antibody (C, D) and photographed after 2 and 5 h, respectively.
Already after 2 h, a large number of cells treated with b4 integrin an-
tibody are attached to the support and feature a spread morphology
(C). After treatment for 5 h almost all cells are attached (D). Mouse IgG
treated cells show poor adhesion and spherical morphology (A, B).
Photographs are representative of four parallel experiments.
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B). By using a functional blocking antibody directed towards
b1, the b4-mediated quantitative increase in cell adhesion
was reversed (Fig 6A). Likewise, the ectopic expression of
an adhesion-deficient b1 integrin resulted in decreased ad-
hesion towards non-modified plastic in the presence of b4
ligation (Fig 6B).
b4 ligation activates PKB/Akt with functional aspects
to enhanced adhesion In order to characterize molecular
mediators of b4 ‘‘inside-out’’ signaling, the activation of
PKB/Akt was examined. In overnight serum-starved HaCaT
cells, the ligation of b4 induced a rapid phosphorylation of
PKB/Akt at both phosphorylation sites (Fig 7). The dual
phosphorylation (Thr308, Ser473) was found to be neces-
sary for functional kinase activation of PKB/Akt (Alessi et al,
1996). The relevance of PKB/Akt in quantitative cell adhe-
sion was further evaluated by expression of dominant-neg-
ative PKB/Akt. In A-431 cells expressing dominant-negative
PKB/Akt, the b4-induced adhesion towards non-modified
plastic was markedly reversed (Fig 8). LDH release as a
measure of membrane integrity was not elevated in
transfected cells and therefore, non-specific toxic effects
can be excluded. The contribution of PKB/Akt in b4-medi-
ated adhesion was further substantiated by experiments in
which PI3K, an upstream regulator of PKB/Akt, was inhib-
ited (Fig 9). A-431 cells were pre-incubated with different
amounts of the PI3K inhibitor LY294002 for 1 h, then tryp-
sinized and seeded onto non-modified plastic dishes in
the presence of b4 integrin antibody. The treatment with
LY294002 led to a concentration-dependent decline of
adhesion in A-431 cells treated with the b4 antibody. These
findings support the assumption of a PKB/Akt-mediated
‘‘inside-out’’ signaling with implications for cell adhesion.
Discussion
In human skin, expression of integrins is restricted to
mitotically active cells of the stratum basale. Here they
mediate proliferation and anti-apoptosis of the stem cell-
derived transit amplifying cells and participate in the organ-
ization and maintenance of epithelial architecture (Jones
and Watt, 1993; Zhu et al, 1999). Downregulation of integrin
Figure 3
Non-integrin antibodies have no effect on cell adhesion of A-431
cells to non-modified plastic dishes. Suspended cells were plated in
the presence of mouse IgG, EGFR antibody, E-cadherin antibody and
b4 integrin antibody (5 mg per mL each). Treatment with b4 integrin
antibody shows an increased adhesion. Each bar represents the mean
of 4 parallel experiments; the standard deviations are indicated.
Figure 4
Western blot analysis of b4 and a6A integrin expression. Protein
extracts derived from untreated A-431 cells, fibroblasts, HaCaT cells
and NHK were separated by SDS-PAGE and blotted (see Materials and
Methods). (A) Hybridization with an b4 ectodomain antibody (kind gift
from Angela Pepe) shows distinct signals at approximately 200 kDa in
A-431 cells, HaCaT cells and NHK. (B) Similarly, a6A signals are present
at 130 kDa in A-431 cells, HaCaT cells and NHK.
Figure5
Adhesion to fibronectin is stimulated by ligation of the b4 integrin in
A-431 cells. The culture dishes were coated with fibronectin as de-
scribed under ‘‘Materials and Methods’’ and then plated with cells. (A)
Light microscopy of adherent cells in the presence of mouse IgG (5 mg
per mL). (B) Representation of cellular DNA of (A) by staining with
bisbenzimide (2 mg per mL). (C) Light microscopy of adherent cells in
the presence of b4 integrin antibodies (5 mg per mL). (D) Representation
of cellular DNA of (C) by staining with bisbenzimide (2 mg per mL). (E)
Analysis of quantitative adhesion by determination of relative bisbenzi-
mide fluorescence in adherent cells. Each bar represents the mean of
four parallel experiments; the standard deviations are indicated.
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Figure 6
Blocking of b1 integrin function diminished b4-mediated adhesion
to non-modified plastic dishes. (A) A-431 cells incubated with both,
b4 ligating and functional blocking b1 antibodies feature an attenuated
adhesion towards non-modified plastic compared to cells treated with
b4 antibodies alone. (B) A-431 cells expressing an adhesion-deficient b1
integrin (IL2R/b1) have an attenuated adhesion towards non-modified
plastic compared to cells transfected with the control vector (TAC) in
the presence of b4 integrin antibodies. Each bar represents the mean of
four parallel experiments; the standard deviations are indicated.
Figure 7
Ligation of the b4 integrin induces phosphorylation of PKB/Akt.
Overnight serum-starved HaCaT cells were incubated with b4 integrin
antibodies (5 mg per mL) for the indicated time intervals or with mouse
IgG (5 mg per mL) for control. The blotted protein extracts were probed
with anti-PKB/Akt-Thr308 (upper panel), anti-PKB/Akt-Ser473 (middle
panel) and phospho-non-specific anti-PKB/Akt (lower panel). The blot
shows representative results (n¼3).
Figure8
Dominant-negative expression of PKB/Akt diminished b4-mediated
adhesion to non-modified plastic dishes. A-431 cells were trans-
fected with wild-type and dominant-negative PKB/Akt expression con-
structs and allowed to attach to non-modified plastic in the presence of
b4 integrin antibody or mouse IgG for control as described under ‘‘Ma-
terials and Methods’’. The bars indicate quantitative adhesion by de-
termination of relative bisbenzimide fluorescence in adherent cells.
Each bar represents the mean of 4 parallel experiments; the standard
deviations are indicated.
Figure9
Inhibition of PI3K diminished b4 mediated adhesion to non-modified
plastic dishes. A-431 cells were seeded in the presence of mouse IgG
(A), b4 integrin antibody (B), 10 mM LY294002 and b4 integrin antibody
(C), 20mM LY294002 and b4 integrin antibody (D), and 40 mM LY294002
and b4 integrin antibody (E). The concentration of antibody was 5 mg per
mL. Photographs are representative of four parallel experiments.
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expression and function seemed to initiate terminal kera-
tinocyte differentiation known as keratinization (Adams and
Watt, 1990; Hotchin et al, 1995; Levy et al, 2000). In contrast
to the physiological situation, the expression of integrins in
some pathophysiological manifestations such as psoriasis
and wound healing is not restricted to the basal layer (Hertle
et al, 1992). The observation that suprabasal integrin ex-
pression seems to correlate with hyperproliferation has also
implications for the progression in some carcinomas (Me-
rcurio et al, 2001b). The link between integrins of the b1
subtype and signaling proteins like MAPK may contribute to
induction of a hyperproliferative phenotype (Haase et al,
2001). The strength and qualtity of integrin signaling can be
modulated by regulation of the affinity state towards a given
substrate. The aim of the present study was to contribute to
the understanding of integrin ‘‘inside-out’’ signaling. It was
demonstrated that ligation of the b4 integrin stimulates b1
integrin mediated adhesion in hyperproliferative epithelial
cells. Conversely, the adhesion behavior of NHK derived
from healthy donors could not be modulated by b4 integrin
ligation. These findings support observations by others of a
functional shift of b4 signaling in carcinoma cells (Rabinovitz
et al, 1999). In particular in carcinomas of the colon
(Koukoulis et al, 1993), the oral mucosa (Jones et al,
1993) and in squamous cell carcinomas (SCC) (Herold-
Mende et al, 2001), severe changes in the distribution of the
a6b4 integrin have been detected. Although HaCaT cells,
which are widely used as a keratinocyte model, offer no
malignant potency in a nude mouse surface transplantation
assay, a malignant phenotype can be induced by some c-
Ha-ras-transfected clones (Tomakidi et al, 1999). Therefore,
the spontaneous keratinocyte line HaCaT and derived sub-
population are considered as useful tools to study the onset
of invasiveness during the conversion into malignant SCC
(Boukamp et al, 1990; Broitkreutz et al, 1991). A higher
stage of malignant transformation is represented by the
epidermoid carcinoma cell line A-431, which forms solid
tumors in nude mice (Giard et al, 1973). Similar to HaCaT, A-
431 cells offer a marked increase in qualitative and quan-
titative adhesion by treatment with b4 ligating antibodies.
The observation that the adhesion behavior of NHK cannot
be modulated by b4 ligation suggests an altered b4 signaling
during malignant transformation. In the present study, it was
demonstrated that b4 ligation promotes the adhesiveness of
the b1 integrin. That integrin subsets are able to modulate
the adhesion behavior of other integrins is supported by
studies on neutrophils which show a functional connection
between b2 and b1 integrins (Nair and Zingde, 2001). Fur-
thermore, the current data demonstrate a contribution of
PKB/Akt to b4-mediated adhesion. The ligation of b4 inte-
grins leads to rapid phosphorylation of PKB/Akt. Functional
blocking of the PKB/Akt pathway by dominant-negative
overexpression attenuated the b4-mediated adhesion. A re-
cent study performed with different malignant epithelial cell
lines confirmed the role of PKB/Akt in cell adhesion by
showing the upregulation of b1 integrins by PKB/Akt (Arbo-
leda et al, 2003). This concept relates to observations in
human T lymphocytes where inhibition of PI3K, one of the
upstream regulators of PKB/Akt function, leads to dimin-
ished b2 integrin mediated adhesion (Hyduk and Cybulsky,
2002). These findings connect the anti-apoptotic function of
PKB/Akt to cellular adhesion. Taken together, our findings
describe a mechanism for accelerated adhesion of carci-
noma and pre-carcinoma cells by an ‘‘inside-out’’ signaling
cascade starting with the ligation of the b4 integrin. Adhe-
sion in NHK does not increase in response to b4 ligation
and, therefore, indicates a functional shift of hemides-
mosomal signaling during carcinogenesis.
Materials and Methods
Cell culture Spontaneously immortalized human keratinocyte cell
line (HaCaT) (a generous gift by Prof. Fusenig, German Cancer
Research Institute, Heidelberg, Germany) was cultured in carbon-
ate buffered Hank’s medium with 5% fetal calf serum (FCS) and
1% penicillin–streptomycin (Biochrom, Berlin, Germany) at 371C in
5% CO2 atmosphere. The epidermoid carcinoma cell line A-431
(American Type Culture Collection) was cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% FCS. NHK and
fibroblasts were isolated from skin specimen of cosmetical sur-
geries. Keratinocytes were propagated in serum-free keratinocyte
medium (Gibco, Karlsruhe, Germany) and fibroblasts were held in
RPMI 1640 medium (Biochrom, Berlin, Germany). The medium was
renewed twice a week.
Cell adhesion assay After trypsinization, cells were washed three
times with excessive amounts of serum-free Hank’s medium in
order to withdraw trypsin remnants. Subsequently, cells were sus-
pended in serum-free medium containing the b4 integrin antibody
(clone 3E1, Chemicon, Hofheim, Germany) or mouse IgG as a
control at a final concentration of 5 mg per mL. 3  105 cells per
well were seeded onto 24-well plates (suspension-culture-plate,
Greiner, Frickenhausen, Germany) composed of pure sterilized
polysterol without further modifications. After incubation for 24 h at
371C, non-adherent cells were removed by medium aspiration.
Adherent cells were fixed with acetone/methanol (50%/50% [vol/
vol]) for 5 min at RT. After washing in phosphate-buffered saline
(PBS), the nuclei were stained by incubation with bisbenzimide (2
mg per mL) for 20 min at RT. The cells were washed twice with PBS
and fluorescence detected using the CytoFluor multi-well plate
reader (Applied Biosystems, Langen, Germany) at 360/340 nm.
The relevance of b1-integrin dependent adhesion was investigated
by additional treatment with functional blocking anti-human inte-
grin b1 antibodies (30 mg per mL, clone 6S6, Chemicon) (Gniadecki
et al, 1997; Kippenberger et al, 2000). In order to test the fibr-
onectin-dependent adhesion, culture dishes were coated with fibr-
onectin as described by Shibayama et al (1999). Briefly, lyophilized
human fibronectin (Harbor Bio-Products, Norwood, Massachu-
setts) was reconstituted in PBS. Plates were coated with fibronec-
tin at a concentration of 20 mg per mL by overnight incubation at
41C. The supernatant was discarded and the plates were washed
twice with PBS. Subsequently, plates were treated with PBS with
1% BSA at 371C for 1 h to block non-specific binding. The cell
adhesion assay was performed as described above. In order to
determine the specifity of b4-induced adhesion, cells were incu-
bated with antibodies directed against EGF-R and E-cadherin
(both from Transduction laboratories, Lexington, Massachusetts).
Transfection Transient cell transfections were performed in six-
well multiplates using Lipofectamine 2000 reagent (Invitrogen,
Karlsruhe, Germany). Cells were allowed to synthesize proteins
under regular conditions for 16 h. Consecutively, cells were tryp-
sinized and the suspended cells used for adhesion experiments as
described above. The expression construct IL2R/b1 codes for a
chimeric b1 integrin that consists of an intact b1 cytoplasmic tail
coupled to the extracellular and transmembrane domain of the IL-2
receptor avoiding substrate attachment (a kind gift from Susan E.
LaFlamme, Albany Medical College, Albany, New York) (LaFlamme
et al, 1992). TAC, which codes for the complete IL-2 receptor was
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used as a control. Dominant-negative constructs of PKB/Akt by
transition of Lys to Met at position 179 (PKB/Akt-DN) and the
referring wildtype construct (PKB/Akt-WT) were a kind gift from
Thomas Franke (Columbia University, New York).
Western blotting The b4-dependent activation of Akt/PKB was
performed on serum-starved adherent HaCaT and A-431 cells. Af-
ter addition of the b4 integrin stimulating antibody or the referring
control antibody, total cellular protein was extracted after 5, 10,
and 30 min in SDS sample buffer (62.5 mM Tris-HCl [pH 6.8], 2%
SDS, 10% glycerol, 50 mM DTT, 0.1% bromphenol blue). After
sonication, the protein samples were boiled for 5 min and submit-
ted to electrophoresis in 12% SDS-polyacrylamide gels. Thereaf-
ter, proteins were blotted onto PVDF membranes and treated with
blocking buffer (TBS [pH 7.6], 0.1% Tween-20, 5% nonfat dry milk)
for 3 h at 4oC, followed by incubation with phospho-specific (PKB/
Akt-Ser473, PKB/Akt-Thr308) and phospho-non-specific PKB/Akt
antibodies (Cell Signaling Technologies, Frankfurt, Germany) in
TBS (pH 7.6), 0.05% Tween-20, and 5% BSA. The presence of a6
and b4 integrins was tested in various cell species using an a6A
antibody (clone 1A10, Chemicon) and a b4 antibody (kind gift from
Angela Pepe, Sloan-Kettering Institute, New York). The bound pri-
mary antibodies were detected with mouse IgG–horseradish per-
oxidase conjugate and visualized with the ECL detection system
(Amersham, Braunschweig, Germany).
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